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IIMARY

A multi-faoated program of applied research has been undertaken in

oollaboration with the Ministry of Health of Chile intended to lead to

control of endemic typhoid fever in Santiago, Chile. Information derived

from these studies is directly applicable to the prevention of typhoid

fever in United States military personnel deployed in endemic areas.

During the past contract year activities that were emphasized include:

1) Maintenance of prospective eidsuiologic and bacteriologic surveillance

in three large-scale field trials evaluating the efficacy of Ty2la live

oral typhoid vaccine given in various formilations and imiuumization

schedules.

2) The first evaluations of yj2la vaccine in infants and pre-school

children.

3) Development of a new enzyme-linked imamosorbent assay (ELIS&) to

measure Vi antibodies and its use as a serologic screening test to

identify chronic typhoid carriers.

4) Evaluation of a new oral antibiotic regimen to eradicate the chronic

typhoid carrier state without resort to surgery.

Field Trials with Ty2la

Results of the large-scale field trials of Ty2la show that an

enteric-coated capsule formulation is significantly superior in efficacy lPtspectC

6

to a gelatin capsule/%afla 3 foruilation. One dose of vaccine in

enteric-coated capsules provides only low levels of short-lived protection

while the moderate (65%) protection conferred by two doses lasts for only

two years. Three doses of Ty2la in enteric-coated capsules given within U

one week provides moderate protection (65%) for at least three years and

therefore is equal in efficacy to the level of protection provided by

heat-phenol-inactivated parenteral whole cell vaccine; the live oral iY Codes

Dist Or'
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vaccine, however, has the distinct advantage of not causing adverse

reactions. Four doses of ¶Ty2la vaccine in enteric-coated capsules

provides significantly superior protection than three doses.

Ty2la Vaccine in Infants and Pre-School Children

Preliminary studies in a total of 127 children less than five years of

age who received three or four doses of Ty2la vaccine or placebo in milk

with bicarbonate show that the vaccine is very well-tolerated and causes

no identifiable adverse reactions. Howevr, in these very young children

the vaccine prived to be poorly immunogenic, using serologic assays that

show high seroccnversicn rates in older children and young adults in

Chile.

A New Serologic Screening Test for Chronic Typhoid Carriers

Tyraminated Vi pol1yc iride was used as antigen in an ELISA to

detect Vi antibody. IgG class Vi antibodies were present in a titer of

1:200 in 0 of 22 healthy U.S. adults, 2 of 17 (12%) Chilean adults with

acute typhoid fever, but in 44 of 51 (86%) chronic typhoid carriers. Sera

of 141 Santiago foodhandlers were tested for Vi antibody at a dilution of

1:200 and each individual had two stool cultures to detect S. tihi. 7he

only individual with a positive titer for IgG antibody proved to be a

chronic carrier with positive stool cultures; the other 140 women had

negative stool cultures.
A New Theray for the Chronic Typhoid Carrier State

Oral ciproflacacin at a dose of 750 mg twice daily for 28 days was

evaluated in 12 patients as a therapy to eradicate the chronic carrier

state. One patient's cultures failed to clear after therapy, while

another had a re-infection after six nths of negative cultures with an

new organism having a distinict phagetype. In the remaining 10 patients,

stool and bile cultures have remained negative for at least six months.

non...
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I. Im~qcxrncTIO

Typhoid fever revains an important public health problem in many

less-developed regions of the world and poses a risk for travelers from

industrialized countries who visit such endemic regions. In virtually all

endemic areas the incidence rates for typhoid fever are highest in

children 5-19 years of age, i.e. sdcoolchildren. This is of potential

relevance in the control of typhoid, since schoolchildren represent a

"captive" population amenable to school-based iminization programs.

For United States military personnel who are stationed in

less-developed areas or who must be prepared at short notice to operate in

less-developed areas of geopolitical importance, typhoid fever represents

an important potential health risk. The current vaccine utilized by the

U.S. military forces to prevent typhoid fever, an acetone-inactivated

preparation of whole Salmonella t inoculated parenterally, requires at

least two doeses given several wes apart to inmunize and causes high

rates of significant adverse reactions. Therefore, a high priority has

been given to identifying alternative typhoid vaccines that will provide

significant protection without causing notable adverse reactions.

In areas where typhoid fever is endemic, the prevalence of chronic

gall bladder carriers of S. typhi is often quite high. Thus, a

particularly onerous risk of transmission of typhoid fever to U.S.

military personnel in less-developed areas comes from foodhandlers from

the indigenous popilation who way be chronic typhoid carriers and who

unknowingly are involved in preparation of food. Under these

circumstances, unwittingly, the potential exists for large epidamics to
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occur. Furthesmore, the size of the irocla of S. typ4 present in food

vehicles may be sufficiently high to overcome the protective efficacy of

the current acetone-inactivated parenteral vaccine. Consequently, a

simple, practical yet sensitive and specific screening test is required to

screen large groups of individuals for the presence of suspected chronic

typoid carriers.

Dependents, including children, who acxunany U.S. military personnel

stationed on tours of duty in less-developed countries must also be

protected against typhoid fever. In young children the subject of adverse

reactions to the current parenteral typhoid vaccines is even more

pertinent.

For the past several years, the Center for Vaccine Development of the

University nf Iarylani has conducted an aplied research program on the

control of typhoid fever in Santiago, Chile, a highly endemic area.

During the past two years, the program hasin particular, concentrated on

field studies with Ty2la live oral typhoid vaccine, the development of

improved serologic screening tests for the chronic typhoid carrier state,

the identification of improved non-surgical methods to treat chronic

carriers, and evaluations of Ty2la vaccine in infants and young children

(representing the first experiences with this vaccine in children less

than six years of age). Results of these studies have direct relevance

for the improved prevention of typhoid fever in U.S. military personnel.

II. FIELD MIALS OF EIQXI OF LIVE CL TLIU)ID VAiEINE Y2la

A. Field Trials with Parenteral Killed Whole Cell Typhoid Vaccines

Parenteral killed whole cell typhoid vaccines have been available

since 1896 and have been used throughout this century. In the 1950s and

1960s the World Health Organization sponsored a series of large-scale

field trials in several countries to assess the efficacy of various types

- . . p ~
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of parenteral killed whole cell vaccines. In the first of these trials,

in Yugoslavia, a fluid heat-inactivated, phenol-preserved parenteral

vaccine was foumd to be superior in protective efficacy in cxoparison with

an alcohol-inactivated and preserved vaccine (1,2).

Shortly after results of the above field trials in Yugoslavia becmne

available, the Walter need Army Institute of Researdh in Washington, D.C.

prepared for the World Health Organization two laphilized reference

vaccinms for use in several additional field trials (3). These included a

heat-phenol-inactivated and an acetone-inactivated vaccine, referred to

resepectively as L and K vaccines. The reference L and K vaccines were

evaluated together in randomized, controlled, double blind trials in

Yugoslavia and Guyana(4,5); in addition, the K vaccine was tested for

efficacy in controlled trials in Poland and the L vaccine in the U.S.S.R.

(6,7). Results of these trials are suarized in Table 1. Ndile both

reference vaccines conferred significant protection in the field trials in

Yugoslavia and Guyana, the K vaccine wa found to provide significantly

superior protection than the L vaccine. In three separate trials, L

vaccine conferred 51% (Yugoslavia), 66% (U.S.S.R.), and 67% (Guyana)

protection (Table 1).

Although the acetone-inactivated vaccine sod somhat greater

protection than the heat-phenol-inactivated vaccine, acetone-inactivated I
vaccine is largely unavailable. Of the manufacturers of parenteral killed

whole cell typhoid vaccines listed in the W's International List of

Availability of Vaccines and Sera (8), 40 make the heat-khenol-inactivated

variety while only three manufacture the lyophilized acetone-inactivated

vaccine. Thus, for most of the world the heat-phenol-inactivated

vaccineis what is available as an option for use in public health

...
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program. In fact, however, parenteral killed whole cell typhoid vaccines

are rarely used by any country in systematic typhoid fever control

programs because of the high rates of adverse reaction that they elicit.

A •sumary of the adverse reaction rates encountered in the rWH-sponeored

field trials of K and L vaccines in Yugoslavia (4), Qzyana (5), and the

U.S.S.R. (7) are shown in Table 2.

B. Development of Ty2la Live Attenuated Oral Vaccine

An important advance for the potential control of typhoid fever was

the development by Germanier and Purer of an attenuated strain of S.

typhi, Ty2la, that can be utilized as a live oral vaccine (9). In

preliminary studies in adult volunteers in North America, Ty2la was found

to cause no adverse reactions (in contrast to the parenteral killed whole

cell vaccines), to be genetically stable, and to significantly protect

against experimental infection with an inoculum of patxogenic S. j

that caused typhoid fever in 53% of control volunteers (10).

Based on these highly encouraging doservations in adult volunteers,

Ty2la vaccine was evaluated for efficacy by Wahdan et al (U1,12) in a

placebo-controlled, randomized, double-blind trial in Alexandria, Hgypt.

In this trial, three doses of Ty21a vaccine (1-3 x 109 viable vaccine

organisms per dose) or placebo were given to the children on Monday,

Wednesday, and Friday of one week. Prior to ingestion of vaccine or

placebo, children chewed a tablet containing 1.0 gm of NaHOD3 (to

neutralize gastric acid). Each dose of lyophilized vaccine or placebo was

contained within glass vials in vacuo. The vials were opened, the

lycphilate reo~nstituted in the field with diluent, and the liquid vaccine

(or plao) suspension given to the child a few minutes after the child

ingested the NaH)3 tablet. Passive surveillance failed to identify
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notable adverse reactions, corroborating the safety of the live oral I
vaccine.

During the 36 month period of surveillance in Alexandria, the efficacy

of the vaccine was 96% (Table 3) (U).

Shortly after the Egyptian field trial established the biological

safety and efficacy of Ty2la in sctwlage children in an endemic area, the

Swiss Serum and Vaccine Institute made a formilation of vaccine

osmmercially available which cousisted of two gelatin capsules each

containing 0.4 gm of NaHMD3 and a third gelatin capsule containing

lycphilized vaccine. Although this formulation resembled that used in

Alexdndria, Egypt, it was clearly not identical. Despite the highly

encouraging results in the first field trial in Egypt, it was obvious that

additional information had to be obtained before the Ty2la live oral

vaccine oould be employed as a practical public health tool. Some of the

critical further questions to be answered included:

1) Vihat was the efficacy of Ty2la when administered in a formulation such

as enteric-coated capsules that does not require pretreatment with

HaWD 3 ?

2) Could fewer doses (one or two) than used in Alexandria provide a

satisfactory level of protection?

3) What level of protection would Ty2la provide in areas with incidence

rates of typhoid fever much higher than the 44-50 cases/105 that

prevailed during the trial in Alexandria?

4) What is the efficacy of the cxmmercial formulation consisting of

gelatin capsules containing NIM 3 and lyophilized vaccine that was

marketed after the Egyptian field trial?

5) 0ould prolongation of the interval between the doses enhance

o'"I
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the ijuurwenicity of the vaccine?

6) (buld an immologic assay be identified that would correlate with

levels of vaccine efficacy in field trials and could therefore be used to

predict the effect of changes in formulation and inmization schedules?

In order to answer these questions, three separace field trials of

efficacy have been carried out in Santiago, Chile (with a fourth sdceduled

to begin in October, 1986). These trials represent a collaborative effort

undertaken by the Ministry of Health, Santiago, Chile, the Center for

Vaccine Developzet of the University of Maryland School of Medicine, the

Pan American Health Organization, the World Health Organization, the Swiss

Serum and Vaccine Institute, and the Walter Reed Army Institute of

Research.

C. Materials and Nethods of the Field Trials in Santiago, Chile of

¶1y2la Vaccine

The first field trials were placebo-controlled and were initiated in

the Northern (Area Norte) and Western (Area Occidente) administrative

areas of Santiago in 1982 and 1983, respectively. The third field trial

was begun in the Southern (Area Sur) and Central (Area Central)

administrative areas of Santiago in 1984. Santiago, Chile was selected as

the site for these field trials because of the ocobination of high

endemicity of typhoid fever (the annual incidence rate from 1977 to 1981

exceeded 150 cases per 105 population), the presenc of an

internationally-reknowned health care infrastructure (the National health

Service), a strong owmitmb t on the part of the Ministry of Health

towmrds innovative methods to control typhoid fever, and a long history of

school-based vaccination programs.

Only children of aonsenting parents entered the studies and were
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randomized to the various cells of the trials. 1A•aining dcildren of

n -on-m -ting parents were also kept under surveillance and served as

unvacinated controls. Randomization occurrred by classroom.

Since typhoid fever exhibits a marked seasonality (Novemr to April)

in conjunction with smmer in Santiago, the vaccinations were limited to

the cool moths of the year (May to October). Quputerized data files

were generated froa the completed class lists.

In the Chilean field trials only bacteriologically-cmfirmed cases

(i.e. those from whom S. lei was isolated from blood, bone narrow, or

bile-stained duodenal fluid) were utilized in computations of vaocine

efficacy. Therefore considerable resources were directed toward

bacteriologic oonfirmation of suspect cases. Children admitted to

hospital with a clinical suspicion of typhoid fever had three 4 ml blood

cultures and one bone marrow culture obtained (13). Children presenting

to the ccmsultorios (health centers) as outpatients with suspect typhoid

fever had two blood cultures drawn 30 minutes apart. S. j and S.

paratyphi A and B isolates were sent for phage typing to the Institute of

Public Health in Santiago and to the 1UD Collaborating Center for Phage

Typing of Salmonella, Division of Eateric Pathogens, Central Public Health

Laboratory, Oolindale, Lancbn, England.

D. Results of the Field Trials of Ty2la Vaccine in Santiago, Chile

Chronologically, the Area Norte field trial preceeded the Area

Oucidente field trial. However, for purposes of clarity of presentation,

the sequence of presentation of data will be Area Occidente, followed by

Area Norte, and finally Area Sur and Central.

1. Area Oocidente Field Trial

Parents of 141,177 children (representing 96% of all schoolchildren in

~~{
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Area Ocidente) conmented for their children to participate and these were

thereupon randomized to one of five groups to receive:

Group 1 - Three doses of vaccine in enteric-coated capsules given with an

interval of two days betwem the doses.

Group 2 - Three doses of vaccine with NaH(3 given with an interval of

two days between the doses. The comercial gelatin capsule formulation

was used which consisted of two gelatin capsules each ontaining 0.5 gm of

NaHD3 and a third gelatin capsle containing lyqphilized vaccine.

Group 3 - Three doses of vaccine in enteric-coated capsules with an

interval of 21 days between the doses.

Group 4 - Three doses of the ommercial gelatin capsule formulation with

an interval of 21 days between the doses.

Group 5 - Three doses of placebo given with an interval of two days

between the doses.

mass administration of vaccine (containing 1-3 x 109 viable vaccine

organisms per dose) or placebo ws carried out between mid July and mid

September, 1983 and surveillance began on September 21, 1983. In total,

U15,481 children received all three scheduled doses of vaccine or placebo.

Results of three years of surveillance in the Area Occidente field

trial are shown in Tables 4 and 5. The main points are:

1) The enteric-coated formulation was very significantly superior to the

gelatin capmule/NaB3D 3 formulation (Table 4).

2) Increasing the interval between doses to 21 days offered no advantage

to administering all three doses within one week (Table 4).

3) Three doses of enteric-coated vaccine administered within one week

provided similar levels of protection during three cmnsecutive typhoid

seaons. hums protection with this regimen is protective for at least

plo p
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three years (Table 5).

4) The level of protection conferred by the best regimen in the Occidete

field trial (three doses of enteric-coated capsules given within one week)

was 67% during three years of surveillance. This is less than the 96%

protection for three years provided by three doses of a liquid formulation

in the Alexandria, Bgypt trial. However, the mean annual incidece rate

in the placebo control group in the Occidente trial (103/105/year) was

twice as high as the mean annual incidence rate reorded in the placebo

group in the Alexandria trial (46/10 5). Thse data de-mstrate that the

enteric-coated capsule formulation of Ty2la protects even in areas where

the incidence of typhoid fever is high.

Surveillance is being maintained in Area Oacidente to determine if the

efficacy of Ty2la can endure for more than three years. This information

is critical for public health authorities to be able to design typhoid

control programs based on the systematic use of Ty2la.

2. Area Norte

Parents of 92,356 of the 137,697 sdcoolchildren in Area NDrte gave

permission for their dcildren to participate and these children were

randcnized to one of three groups to receive:

1) Two doses of Ty2la vaccine in enteric-mated capsules (1-3 x 109

organiim per dose).

2) One dose of vaccine and one dose of identical appearing placeo.

3) Tw doses of placebo.

The two es of vaccie or placebo were given to the children one

week apart in May and June, 1982 and surveillance began on July 1, 1982.

lesults of the Area Norte field trial are shon in Table 6. The main

points include:

%
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1) TWO does of enteric-coated vaccine provided moderate (48-72%)

protection for a period of two years. However, the efficacy then droged

to 21% in the third seasc and was nom-existant by the fourth seaon of

surveillance.

2) A single dose of vaccine in enteric-coated capsules provided low

levels of protection (16-39%) for two years but by the third year of

surveillance no further efficacy was demomstrable.

nhese data demonstrate that, when administered in enteric-coated

capsules, Ty2la provides insufficient levels of protection when given as

only one or two doses.

3. Area Sur and Area Central Field Trials

A third field trial was undertaken in 1984 in Areas Sur and Central

wh-.re 248,544 dcildren were randcmized to receive either two, three or

four doses of Ty2la vaccine (1-3 x 109 viable vaccine organisms per

dose) in enteric-coated capsules with all doses of vaccine being

administered within a period of eight days in September and October,

1984. No pleo control group ws included in this trial in which

surveillance began on Nkoveber 1, 1984.

Pesults of surveillance of typhKid fever through two season are shown

in Table 7. In this trial the incidence of typhoid fever in recipients of

three dofes of Ty2Ja in enteric-coated capsules was only slightly lower

than the incidence in dcildren who received two dooes of vaine. In

contrast, the incidence of typhoid fever in recipients of four doses of

vaccine was very significantly lower than the rates in children who

received two or three doses.

4. Area Sur Oriente Trial

Preparations are urnerway to carry out a fourth field trial of
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efficacy of Ty21a in the Sur Oriente administrative area. In this trial

children will receive three drses of Ty2la in either enteric-coated

capsules or in a liquid fonmulation or they will receive plac]bo in liquid

or enteric-coated fozinlatioms. Results of this trial shouild anmser the

question of whtether a liquid formilation of Ty2la similar to what wa used

in Bgypt is inherently superior to Ty2la in enteric-coated capsules. By

comprison of rates in the vaccine groups with the rate in the placebo

group, this trial will also provide infomition on the absolute efficacy

conferred by each fommilation of vaccine.

E. Secular Trends of TY•hoid Fever in Santiago and Evidence for an

Ei~ilogic "Herd Imunity" Effect Qiisequent to the Broad Application

of Ty2la Vaccine

Analysis of the incideme rate of typoid fever in the placab control

group in the first field trial of Ty2la in Area Norte, Santiago provides

som fascinating insights on what might be expected from the systematic

wide-scale application of Ty2la live oral vaccine in typhoid fever control

programs. As seen in Table 6, the incidence rate in the randmized

control group in the first year of surveillance was 210 cases/105

schoolchildren. This rate of culture-confirmed cases is similar to the

reported rate for schoolchildren in Area Norte in the period 1977-1981,

prior to the field trial; however, at that time cases were not

bacter iologically confirmed.

Surveillance of the second typhoid season in Area Nrte took place

after more than U5,000 children in the adjacent area, Area Occidente,

were entered into a field trial invlving three does of vaccine given in

two different fonmzlatioru and in two distinct iminization schedules.

The incidence rate in the place]o control group in Area Norte in this

77
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second year of surveillance fell to 141 cases/105 (Table 6).

Shortly before the third typh*oid season of surveill began in Area

Norte, mre than 248,000 children in Areas Sur and Central were given two,

three or four ofes at vaccine. In this third year af surveillance the

incidence in the pa graup in Area Norte was seen to fall even further

to 69 cases/105 (Table 6). A rate this low had not been e•mintered in

Area Norte for decades.

The fourth year of surveillance in the Area Ntrte field area occurred

during a year when no further trials were carried out in Santiago.

Nbtably, in that year in which there were no large-scale administrations

of vaccine, the incidence of typhoid fever in the pl0 o control group

did not fall further. Rather, the incidence, 78 cases/105 , closely

resembled that of the previous year (Table 6).

In the course of the three field trials carried out so far in

Santiago, apprcximately 65% of the schoolchildren in the-city have been

entered into field trials, many having received an efficacious formulation

and number of doses of vaccine. One possible interpretation of the

secular trends of incidence of typhoid fever in Santiago from 1982 to

1986, as shown by the incidence rates in the placebo ontrol group in the

Area Norte trial, is that the falling incidence is due to mass application

of Ty2la vaccine in schoolchildren. As seen in Table 6, when Ty2la was

given in field trials in other areas the incidence in the control group in

Area Norte fell. In the fourth year of surveillance in Area Norte, when

no further vaccine trials were carried out in Santiago, the incidence rate

stabilized. Based on these dbservations, we would predict that the

incidence of typhoid fever in the control group in Area Norte will

diminish further in the fifth year of surveillance as children areXU
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vaccinated in the field trial in Area Sur Oriente.

F. Correlaticn of IgA KIISA S. typi 0 Antibody with Efficacy in Pield

Trials

During the past several years we have been carried out serologic

studies in healthy young aduilt hileans, age 17-21, who have been

recipients of Ty2la in one of two fommulations and in various imunization

schedues. Serum IgG and IgA antibodies to S. jy~pt 0 antigen have been

measured by E.ISA before and after vaocinaticn. Now that results of the

field trials are available, it has beome possible to relate

seroconversion rates to vaccine efficacy; these coaparisons are sumarized

in Table 8. It is obvious that there exists an excellent positive

oxrrelation between serocouversion rate of IgG S. typhijO antibody and

vaccine efficacy in the field.

At present we conclude from all available and relevant data that the

cperative mechanism of protection conferred by Ty2la is mediated by

cell-mediated immune mechanisms directed against the 0 antigen. Muile IgG

0 antibodies may not be protective per se, the high rates of

seroconversion of these antibodies in populations orally vaccinated with

Ty21a clearly oorrelate with stinilation of protective immunity.

G. Discussion

The great advantage of Ty2la live oral typhoid vacine, in cxmarison

with parenteral killed whole cell vaccines, is that it provides

significant protection without causing adverse reactions. A wealth of

evidence from volunteer studies and from some of the largest vaccine field

trials ever carried out attest to the biological activity of this

attemnated strain in providing protection against typhoid fever.

Comiderable resources have been expended in attempts to identify an
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effective and practical fonmilation and *sage scdule for Ty2la. After

a series of field trials in Egypt and Chile, considerable information has

now been accrued demstrating both the advantages as well as the

limitations of Ty2Ja.

In Alexandria, Egypt, three doses of a liquid formulation of vaccine

provided 96% protection for three years in an area where the incidence of

typhoid in the control group w 46 cases/105 (U). Field trials inChiue

have show that Ty2la in enteric-coated capsules is significantly more

protective than vaccine administered in the gelatin capsule/NBHMO

fonmulation. In the Chile trials, three doses of an enteric-coated

formulatin of Ty2]a given within one week have provided 67% protection

for at least three years. Giving fewer (i.e. one or tw) oses of vaccine

in enteric-ccated capsules conferred inferior levels of protection that

were short-lived, while administration of four oes of vaccine in

enteric-coated caiule provided significantly greater protection than

three doses. A fourth field trial currently beginning in Chile, as well

as a field trial of similar design in Indonesia, will answer the question

of the relative efficacy of enteric coated camul versus a liquid

formuzlation.

7he 67% protection conferred by three doses of enteric-coated capsules

given within one week in Chile is notably less than the impressive 96%

efficacy over three years of a liquid fornulation in Alexandria, Egypt.

Nevertheless, in our estimation, this level of protection clearly makes

Ty2la the vaccine of choice at present for any country intending to embark

on a systematic typhoid fever control program. We conclude this because

the level of efficacy is similar to what can be achieved with the liquid

heat-phenol-inactivated parenteral vaccine, the other widely available
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effective vaccine. BHowver, Ty2la is distinctly mre advantageous became

in enteric-coated capsules it is easy to administer and ianable to mass

vaccinations of scholdcildren; furtheozre, Ty2la causes no discernabe

adverse reactions (14). In contrast, the heat-ihmml--inativated vaccine

causes notable adverse reactions in apprcKmately 25% of recipients and

mist be administered by needle and syringe or jet gun; the rate of local

adverse reactions increases with jet gun administration (15).

Analyzing the incidence rate of typhoid fever in the ra izeplacebo

control group in the first (Area Norte) field trial shows strong evidence

that widespread vaccination with Ty2la creates a "herd iummity" effect in

which the incidence increasingly drops in the control group as dhildren in

other areas of the city are vaccinated. These observations support the

contention that Ty2la live oral vaccine, while not the ideal anti-typhoid

vaccine, is neverthless a credible weapon to be employed in systematic

typhoid fever control programs. Since man is the only reservoir, as well

as the only natural host, of this infection, this approadc is

epidemiologically rational.

The multiple field trials of efficacy of Ty2la that have been required

so far to generate the information necessary to determine how to use this

vaccine as a public health tool are reniniscent of the series of field

trials undertaken by III over a period of more than 15 years to accrue

similar information for the parenteral killed whole cell vaccines. Until

a superior formulation of Ty2la is identified, or Ty2la is surpassed by

another attenuated strain, the information now available should allow

public health authorities to begin to consider Ty2la in enteric-coated

capsule formulation as a tool to be employed in national typhoid fever
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control program.

III. STUDIES WrJB Tf2la CRAL VACCE IN IIWMN1S AND 1VUXLER

A. Bmcgrcund

Live oral typhoid vaccine 7y2la has proven to be an imortant advace

for the prevention and possible control of typhoid fever in endemic areas

because it provides significant protection without causing adverse

reactions. Although typhid fever in endmic areas is largely a disease

of sduoolage children, the main delivery system for pediatric vaccines in

most developing countries is through the expanded program on imunization

(EPI) whidh is heretofore usually targeted exclusively at infants. 2kus

it is intriguing to consider whether immization of infants might protect

these children later when they reach sdxholage. To even consider such a

proposition it will be necessary to show that Ty21a is iuu oec in

infants and young children. Becase of the inmadty of Ty2la and the

propensity of Salmonella to avidly interact with M cells of gut lymphoid

tissue, many investigators have introduced genes encoding putative

protective antigens of other organism to obtain expression in Ty2la,

thereby using the attenuated S. tyt as a "carrier" bacteria. MONug the

combinations reported so far are Ty2la expressing Shigella sonnei 0

antigen (17), B subunit of Esdcerichia coli heat-labile enterotoxin (LT)

(18), and an outer prmrane protein of Vibrio cholerae (19). Important

target age groups for these bivalent vaccines are also infants and young

children. Heretofore, however, the youngest age group to have received

Ty2la vaccine is six year olds. We therefore initiated studies to

evaluate the clinical accetability and immnogenicity of Ty2la in infants

and young children (less than five years of age) in Santiago, Chile, an
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area endemic for typhoid fever.

B. Materials and Methods

Vaccine was administered in three separate, randcmized,

plaebo-antroled, doub1e-brind studies.

1. Study #11

Study #I involved healthy children 6-24 months of age recruited from

the well baby clinic of the Centro Diagnostico of the U[iversidad Catolica

Scool of Medicine, Santiago. Following explanation of the study to the

parents and obtaining written consent, infants were randcmized to receive

three d ofes o vaccine (109 organims per dose) or pla•hbich were

given within eight days. Cups ccmtaining vaccine or placebo were prepared

in a separate room by an unblinded nurse. She dissolved the comtents of

an enteric-coated capsule of Ty2la vaccine into 90 Al of cow's milk

formula containing 0.5 gm of N?&Dy* ( A similar milk/bicarbonate

"codktail" method had been previously sucessfully used to vaccinate

Chilean six year olds wo denmonstrated a good serologic resxpose

post-vaccinaticn) (20). Milk containing INMH 3 alone served as the

placebo. The coded cups containing vaccine or placebo were presented to a

second nurse who administered the contents to the children in double blind

fashion. The infants were exanined 24 and 48 hrs after each dose of

vaccine at which time the child's temperature was recorded; axillary

temperatures were obtained because this is the acceted custom in Chile.

The mother w- interviewed to elicit evidence of adverse reactions in the

previous 24 hrs.

A 4 ml specimen of blood ws collected prior to and 21 days after

vaccination. The blood was passed through a Ficoll-Hypie columu to

obtain mononuclear cells to carry out lympIhcyte replication studies with

selected S. t~yi and apropriate control antigens to measure the

7
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Uell-mediated jum response to vaccination with Ty21a. PIasma was

utilized to measure serum antibodies: IgG antibody to 0 antigen was

measured by enzym-linked inwsorbent assay (20); H antibody was

ueasured by Widal tube agglutination as previously described (21) and Vi

antibody wa detected by passive magglutination using highly purified Vi

polysaccharide (22).

2. Study #2

1?his study was carried out among children 2-5 years of age

(three-fourths were three or four year olds) in a nursery school in the

Pincoya district of Area lorte, Santiago. Children of consenting parents

were randomized to receive three dosea of Ty2la vaccine (109 viable

organisms per doe) or placeb given within a period of eight days.

Capsules of vaccine were opened by an unblinded individual in a separate

roan and the cotents suspended in 50 ml of cow's milk containing 0.75 g

of NaBS 3 ; placebo consisted of milk with bicarbonate only. The coded

cups containing vaccine or placebo were presented to a nurse who

distributed then to the dcildren in double blind fashion. Children were

examined 24 and 48 hrs after vaccination at which time axiliary

temperatures were taken and the parents were interviewed.

Before vaccination and 21 days thereafter 4 a1 of blood were collected

and the sera separated and frozen to be tested later for antibody as

described above.

3. Study #3

7he third study wa carried out in 2-5 year old children in a

second nursery school in Pincoya where children of consenting parents were

randomized to receive four doses of Ty21a vaccine (109 viable organisms

per dose) or placebo. Vaccine was administered identically as in Study #

2 but a fourth dose was given within the eight day period in attempt to

* ~ ~ ,.. _'~ ~, V%~ V~Y~Nb
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increase vaccine imluzogenicity. Blood was collected before and 21 days

after vaccination for serologic tests as described above.

C. Results

1. Clinical Response to Vaccine

Table 9 shoas the number of children in each study who received

vaccine or placebo and the frequency of adverse reactions. Diarrhea,

fever, vomiting and abdominal pain were uncoon in either group with no

difference evident between vaccine and placebo recipients.

2. Immune Reponse to Ty2la

The serologic response to vaccination of infants and youmg

children is summarized in Table 10. In Study #1, involving infants aid

toddlers less than two years of age, no significant rises in 0 antibody

measured by IgG-ELISA were detected. Becuse these results cxtrast so

notably from the serologic resposme of six year olds administered Ty2la

vaccine by this method of adninistration in a previous study (20), we

proceeded in the next study to vaccinate slightly older children, 2-5

years of age. These children in Study # 2 showed some serologic reactions

to both 0 and H antigens; in total 8 of 24 vaccinees showed a significant

rise in one or another serologic test versus 0 of 25 pre-school children

who received placebo (p<0.002).

In the third study, we attempted to increase the inul• ogmicity of the

vaccine by administering an additional dose to preschool children. The

addition of a fourth dose did not increase the serologic resporse to the

vaccine.

Ty2la vaccine does not contain Vi antigen and therefore even in older

individuals does not stimulate Vi antibodies. Thus the total lack of

serologic response to Vi where measured in these studies in young children

NKM'ýU
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is cxupletely as expected (Table 10).

Lymphocyte cultures from the vaccinated and pl]o infants responded

to mitogens. However, the lnxKcytes collected post-vaccination failed

to show evidence of replication in the presence of S. typhi O

polysaccharide or control (S. thompson or E. coli) 0 polyscharides.

IV. A NEW SEGIC D IC ¶M ) SCR IFOR CAONIC TYPIID CARRIERS

A. Background

In the course of acute S. ty•i infection, typhoid bacilli reach

the gala bladder, an organ for which they have c. remarkable predilection.

In fact recovery of S. typj from bile-stained duodenal string cultures

has become an increasingly popular method of confinaing the diagnsis of

acute typhoid fever (23). In approximately 2-7% of individuals with acute

S. t infection, depending on age and sex, a chronic gall bladder

infection ensues and these individals become carriers for life (24,25).

The diagnosis of the chronic typhoid carrier state is skde by recovering

S.ty from stool or bile cultures. QOorocultures must be done

repeatedly because chronic carriers are notorious for having intermittent

negative cultures.

Bacteriologic methods are necessary to confirm the diagnosis of the

chronic carrier state but are totally impractical for screening large

numbers of individuals. As a oxuetue screening tests to identify

chronic carriers have been sought. It has been known for many years that

chronic carriers of S. typhi have inordinately high titers of Vi

antibodies. Bowever, until recently, the lack of highly purified Vi

antigen made most tests for Vi antibodies subject to unacceptable

variability. NIalan et al (26) developed a passive hemagglutination assay

(PfI) for Vi antibody which we (23) subsequently showed could be used

successfully to screen for chronic typhoid carriers in an endemic area

U%
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(Santiago). The 1HR, however, requires that test sera be initially

absorbed with untreated sheep erythrocytes to re any anti-sheep

antibodies, prior to reacting the sera with sheep erythrocytes coated with

Vi antigen. This is a autberscm step that limits the number f specimna

that can be examined. Became of this limitation, an alternative test,

such as an ELISA, was sought that would be more practical and amenable to

screening large numbers of sera. Heretofore, E.IS to measure Vi antibody

has been hamered by the physicochemical properties of Vi olysacharide

causing it to bind poorly to the plastic of microtiter plates. Dr. John

Robbins of the National Institute of Child Health and Himan Dev1loment

has recently solved this problem by preparing a tyraminated derivative of

Vi that readily binds to microtiter plates.

B. Methods

Imulon 96 well microtiter plates were coated overnight with 0.1 ml of

solution containing I mog/Iul of tyraminated Vi antigen in 0.015

carbonatebuffer pf 9.6.

7he plates were washed with PBS-TWeen and incubated at 370C for 1 h

with test serum containing 1% non-immune goat serum and 1% fetal bovine

sersu. The plates were washed with 1BS-1ween and incubated with alkaline

phophaaseconjugated goat anti-human IgG, IgA, or Ig14. After washing,

the ELISA was completed and color generated with p-nitrophenyl phosphate

(lng/ml) in 10% diethanolamine.

In order to standardize the assay and assess its sensitivity and

specificity, sera from three separate populations were used including; 22

healthy young adult North Poericans with no history of typhoid fever or

vacxcination; 17 teenage or young adult patients with

bacteriologically-confirmed acute typhoid fever from the Infectious

Diseases Hospital in Santiago; 51 bacteriologically-wonfirmed chronic

Ps
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typhoid carriers from Cile; 141 healthy fs oers prepare food in

schools in Santiago.

C. Results

Thble U shows the results of testing the various popi~atios for Ig

class antibody to Vi. At a serum dilution of 1:200, now of the 22 U.S.

adults had positive titers, while only 2 of 17 (12%) patients with acute

typhoid fever had titers. In contrast, 44 of the 56 (86%) chronic typhoid

carriers were positive at this dilution and most, in fact, had much higher

end point titers. The 141 healthy foodhandlers in Santiago schools were

examined bacteriologically with stool cultures on boo days as well as with

serological tests. (One individual was positive by IgG-EaIM at a 1:200

dilution of serum, while this individual and one other had PER titers >

160. Only the individual who was positive by KIS& wins bacteriologically

confirmed to be a typhoid carrier.

Remslts with the IgK and Igh ELISAs for Vi antibody are show in Table

and 13. It is obvious from the comparison with Table 12 that most serum Vi

antibody in chronic carriers is in the IgG class.

V. A NON-URMJCL DOMWCILIMY Pa RHIMEN F ¶RPWM THE CKHR IC

A. Background

Chronic gall bladder carriers of S. t can be successfully treated

with cholecystectcay cmbined with a course of antibiotics before and

several wees after surgery. Neverthless, this form of "therapy" is

hardly an economical or practical public health tool and is not appicable

to persos who are poor surgical risks. Many investigators have attempted

to eradicate the chronic carrier state by various oral antibiotic

regimens. Howevr, the experience has shown that carriers with gall

stones are extremely difficult to sucesfully treat. A trial previously



23

carried out as part c this research ontract inolved the adiinistration

of oral w icillin (2.0 gm) and probenecid (0.5 ga) three times daily for

28 days to 26 carriers, all c w had gall bladder disease and most of

whom had gall stones (27). In this study, 15 Of 26 carriers were

EMImully treated (58%). A cure rate of 58% is osidred too low to

justify use of this regimen in public health progrm .

The new generation of quinolone antibiotics that hasaeared in

recent years includes ciprofloxacin, an agent with e ionally good

activity against S. t, in vitro, with minimin inhibitory onecentrations

<0.06 mcg/ml. Pharmacokinetic studies in man indicate that the body fluid

and tissue penetration of ciprofloxacin is excellent, including bile

levels. For example, in a pilot study in which the bile levels of

ciprofIoxacin were measured after oral administration of 500 mg of

ciprofloxacin, cocentrations of drug of up to 10 wmogml were detected.

Side effects of this antibiotic at either the 500 or 750 mg twice daily

dosage schedule have been minimal. Based on these observations, we

undertook a preliminary evaluation of ciprofloxacin in the treatment of

chronic gall bladder carriers of S. tyi.

B. Methods and Results

Twelve chronic carriers were enrolled into the study between June and

December, 1985. Patients were treated with oral ciproflo•acin 750 mg

twice daily, with careful monitoring for compliance and for possible

adverse effects. Therapy was stopped in two cases after 10 days: one

patient had an allergic reaction and one had a minimal drop in hanatocrit

of uncertain etiology. The remaining patients received the aczplete 28

day course of drug. Stool and bile-stained duodenal string cultures were

obtained before therapy and at least monthly after discontinuation of
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therapy.

Of the total 12 carriers, ame patient who ocleted the course of drug

had a bacteriologic relapse within one week after copleting therapy. A

second patient whose stool and bile cultures were negativ for six months

following treatment ee positive again for S. ! However, [olage

typing of the isolates showed that the organism recovered after six months

of negative cultures wa distinct from the original infecting strain; thus

this patient represents a re-infection. The other 10 patients have

remained bacteriologically negative for at least six months, including the

two individials who had their courses of therapy interrupted before the

full 28 days.

These preliminary results are extremely encouraging and suggest that

ciprofloxacin is efficacious in treating chronic typhoid carriers and may

achieve a higher cure rate than previous antibiotic regimens. Further,

more comprehesive studies will undertaken to explore this possibility.

NIN
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¶RBKZ 3

FJ.D TRlIAL OF EFMCN OF ¶ D OF A LIMIOID 1IMM'I(I (OF T21A
VAXIIW G1V3 W1'•--m tWX 'TO SIX AM1 SEM -M OWI

Year of Confimed cases Annual 5 incidence Wine
cbservation of typhoid fever per 10 efficacy (%)

1978-1979
vaccneis* 0 0 100
p1aeb+ 7 44

1979-1980
vaccinees 0 0 100
placebo 8 50

1980-1981
vac-inees 1 6 86
placebo 7 44

Tbtal 1978-1981
vaccinees 1 - 96
placebo 22

Data from reference U1
* n = 16, 486
+ n = 15, 902
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TNBmE 5

aU&TACR OF ME 3E1 RCF Y WNE BY TEM o TM
EFNMIC-COMCRSL cCOLURMN ixurCiic TY21A

LIVE GAL VA I GVD WrIMN N W
IN AREA OQIDENIE, SWUMIND, CHU

Vaccine Placeo
(22,170) (27,793)

YEAR 1
(9/83-6/84)

Cases 7 34
Incidence/105  31.6 122.3
Efficacy 74.2 -

Y•AR 2
(7/A4-6/85)

Cases 8 23
Incidence/10 5  36.1 82.8
Efficacy 56.4 -

YEAR 3
(7/85-6/86)

Cases 582Iniec/ 5 8 29 •
Incidee/10 36.1 104.3
Efficacy 65.4 -

7IUhI YEARS 1-3
9/83-6/86

Cases 23 8
Incidence 10 3 .7 ' 309.4b
Efficacy 66.5 -

+ 3 dose, 21 days between doses.
3 doses, 1-2 days between doses

a vs b, p < 0.00001

Data from references 130,133
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'TRN1E 6

CO~MAIS(OI OF THE EfFI" OF CHE VERSUS ¶11 DOGE OF TY2]LA
LIVE CRAL TYDID VACCINE GIVNi IN D1' C-<1 W CAPSULE M.,ATIC3.

RHNEMZED, OONTmLBED, Di LE-E~LIND TRIAL IN
ARE NOT, SRTAG, (MME

One Dose 7W Ies Placebo
Year 1
(7/82-6/83) (32,788) (27,620) (31,948)
Cases 558 30 67

Incidene/105 176.9a 108.6b 209.7c
Efficacy 15.6% 48.2%

Year 2
(7/83-6/84)
Cases 28 11 45
Inciceie/105  85.4 39.8 140.8
Efficacy 39.3% 71.7% -

Year 3
(7/84-6/85)
Cases 23 15 22
Incidence/10 5  70.1 54.3 68.9
Efficacy 0% 21.2% -

Year 4
(7/85-6/86)
Cases 33 22 25
Incidence/10 5  100.6 79.6 78.3
Efficacy 0% 0% -

"a vs c, p = 0.42
"a vs b, p = 0.037
b vs c, p = 0.0032

o,•
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MUM1 7

crMPARIS9W OF THE FFIFIAXY OF TWO, 1flE AND FaR DOSES OF TY21A VACIDE
IN ENTERIC- F FKRIMIATION. RESILTS OF A RANDOMZE FIHD TRIAL IN

AREA SUR AND A A CMMAL, SAWIAGO, =LEF

Surveillance from

10/84 to 6/26/86 Two Doses Three Doses Fbur Doses

No. of Vaccinees 94,387 95,543 58,614

Cases 121 lU 32 ._

Incidence/105  
1 28 . 2a 116.2b 54.6

a vcp

a vs c, p < 0.0001b vs c, p < 0.0002 •"

a vs b, p = 0.49

Data from references 130, 133
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TAEK 8

RMM OF nHSg=J OF IgG-KJs S. MWI~ 0 ANPID(DY WFOUYR
CIM TO 1flE CIM DOM OF TY21LA DnffE (AL TYPUID VACflE

GIMR WIIED CUU W . COAuRwIsc (P 1W) DIFII! FIWa TIQm.

Vacine Efficacy
Seroconversion in mtroxlle

Formulation ND. Doses Rate (%) Field Trials-

Enteric-cated 3 61/96 (64) 67%
capsules

2 22/50 (44) 47%

1 9/50 (18) 18%

Vaccine + IO
in gelatin capeles 3 99/195 (50) 21%

Data from first 36 mnths of surveillance in field trials in Area lirte and

Area OCocidente, Santiago, Chile (references 130 and 133).
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TAME 11

IRMNCE OF IgG SMIFIC Vi ANTIBODY
IN VARIOUS PUE N ELRWE B!
ILISAWI T~WOMlUMM Vi ANTIGEN~

, Reciprocal Reciprocal

Group & [escription GMT ELISA titer PER titer

(No. subjects) <50 50-100 >200 <40 80 >160

A#+
(22) 26 21 1 0 21 1 0

Healthy U.S. adults

B
(17) 44 15 0 2 14 1 2

OCilean Adult
Acute Typhoid patients (12%)

C
(51) 468 6 1 44 7 5 39

OCilean Chronic
Typhoid carriers

D
(141) N& 140 0 P 139 0 2

Food handlers

Geometric mean titer
+ Number of subjects with a give Vi titer
+ Number of subjects with a given PER titer

This patient was shown to be a chronic excretor of S_
Nk Not applicable
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TABE 12

MIREVALEW OF IE SPFIC Vi ANTIBODY
IN VARIOUS VPRIATIas HFASURED

BY KISA W•I TZRAMINKM Vi ANTIGEN

Reciprocal
KI.ISA titer

Group & Description 

t

(no.) GMT <100 >100

A 2#(22) 43 21 1

Bealty U.S. adults !%

B
(17) 40 14 3

Chilean Adult
acute Typhoid patients

C
(51) 64 32 19

Chilean chronic
Typhoid carriers

# Geometric mean titer

MD. subjects with a given titer

i.

..l .*
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TALE 13

WMANM OF Igo A sM nC Vi MIIBOI
IN VARICUS POPLWICMlS

BY KLISA WITH TMR#AMVMM Vi ARMIEN

Reciprocal
HISh titer

Group & Description ,
(o.) <50 >50

A
(22) 18 201 2

Healty U.S. adults

B
(17) 51 6 11

Chilean Adult
acute Typhoid patients

C
(51) 52 14 37

Chilean chronic
Typhoid carriers

Geometric mean titer
No. subjects with a given titer
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